IN the great majority of woods which have been investigated there is a strong correlation between specific gravity and certain mechanical characteristics. As a rule the higher the specific gravity the stronger the wood, although it is known that, in any single species, wide variations in strength may occur throughout a range of matched specimens ofequal specific gravity. These latter variations have been ascribed [Clarke, 1935; 1936] [1929] observed a higher cellulose content in tough white oak than in a single brash specimen of the same species, and Uno [1932] concluded that the strength of various species of bamboo increases with increasing cellulose content. The investigation by Luxford [1931] of the influence of minor components or extractives on the strength of wood will be referred to later.
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Four of the trees examined contained the heartwood discoloration known as "black-heart ". This has been shown by Armstrong [1936] to have no detectable effect on the mechanical strength of the wood. The results in Table I indicate that "black-heart" does not appear to be associated with any irregularities in the relative proportions of the major components present in the trees in which it occurs but rather with some constitutional peculiarity in the extractives. This view is supported by the observation that an evaporated aqueous or alcoholic extract of " black " heartwood possessed a strong phenolic odour which was not detected in extracts obtained from normal wood. This aspect of the difference between normal and "black" heartwood could not be followed up owing to lack of available material.
DISCUSSION.
The results in Table I show that the chemical composition of ash wood is not uniform throughout the cross-section of the tree. The cellulose content exhibits a consistent increase in passing from the periphery towards the pith. The extreme differences in cellulose content between heartwood and sapwood may be as great as 7 % of the dry weight of the wood substance. It is further observed that the heartwood of ash contains less extractives and slightly less lignin than sapwood. Of the three major wood components the furfuraldehydeyielding complexes exhibit the least fluctuations within individual trees and it is, therefore, obvious that the Cross and Bevan cellulose isolated from the heartwood contains a higher proportion of hexosans than that isolated from the intermediate zones and sapwood.
The results in Table I suggest the following two important conclusions for ash wood, which may conceivably be applicable to other hardwood species.
(1) Because of the variations in composition within individual trees it would be difficult or impossible by means of a limited number of analyses carried out by current methods to differentiate chemically between trees of the same species.
(2) The relatively high specific gravity and consequently the relatively high mechanical strength of heartwood is not solely due to the greater density of wood substance. An additional factor, namely the amount and composition of the Cross and Bevan cellulose, must be taken into account.
Statistical analysis of results. The complete set of mechanical data obtained by Armstrong [1936] which correspond to the chemical data in Table I are not recorded here, but average figures are given in order to illustrate the degree of variation in compressive strength between the various zones in each tree. The discussion which follows is based upon a detailed consideration of all the mechanical and chemical data.
There are undoubtedly so many influences causing the strength of wood to vary that it is impossible by inspection of the results in Table I for an equation which would involve these latter components directly. It was found that an equation involving specific gravity and percentages by weight of cellulose, lignin and pentosans not in the cellulose was not significantly different from the first in its fit. In order to examine the specific gravity term further, each strength value was corrected to read as pounds per square inch of wood substance. These corrected values were still related to specific gravity as well as to the components already mentioned. A further improvement in fit was obtained by using the degree of dispersion (i.e. weight present in unit volume of the woodwater aggregate) of the three major components instead of their percentages by weight.
The regression equation giving the best fit to the variations within zones of the corrected strength was:
where y is the maximum crushing strength in lb./sq. in. of wood substance; m is the moisture content at time of test as percentage of dry weight; x is the specific gravity of the wood block at time of test; c is the weight of cellulose per 100 g. of oven-dry (1050) wood substance; 1 is the weight of lignin per 100 g. of oven-dry (1050) wood substance; p is the weight of pentosans not in the cellulose per 100 g. of oven-dry (1050) wood substance; Vm is the volume occupied by a wood-water; aggregate consisting of 1 g. oven-dry wood and m/100 g. water. Symbols with bar indicate mean values for one zone.
No great importance can be attached to the values of the coefficients since these would no doubt be altered as a result of a more extensive investigation. It is significant, however, that each term was proved to represent an important source of variation in strength and the most important, as tested by the omission of each in turn from the equation, was found to be the cellulose term.
Finally, the observed variation in corrected strength was analysed according to the scheme set out in Table II by the methods laid down by Fisher [1935] . This type of analysis is important, firstly in dividing an observed variation into parts whose sources can be recognized (named in column 1) and secondly in enabling a test to be made of the significance of each of these sources when compared with the "residual" or "unexplained" variation (item iv). Co-variation of strength and chemical composition.
The fact that the percentage amounts of all the chemical components determined in Table I vary in a regular gradation across each disc does not simplify the task of explaining the strength variations, which undergo a similar regular change. The chief evidence for any one component being the cause of variations in strength would be an observed change in such component which was not reflected in changes in the other components. In the mathematical methods employed full advantage was taken of such cases where they existed. The prominence of the specific gravity term in this type of analysis is in accord with much other published work. After due allowance is made for the direct effect of bearing-area in the test piece the remaining effect must be ascribed to some of the properties which run parallel with specific gravity. Specific gravity and cellulose content both increase from the periphery towards the heart of the tree but cellulose is already a term in the equation, so that it may well be that those regions which are high in cellulose have the higher proportion of strengthgiving cellulose. In this connexion it has already been noted that the Cross and Bevan cellulose of the heartwood zones (Table I) is relatively high in hexosans and low in pentosans. It is evident, however, that structural features such as ring width, proportion of summer wood etc. account for a part of the variations in strength as distinct from variations ascribed to purely chemical causes. No measurements from which it might have been possible to assess the separate effect of structural features were made in this study. The strong relation found here between strength, specific gravity and extractives is worthy of note. It is highly probable that the so-called extractives of wood are not confined to the cell cavities, so that they may influence strength to some extent by dispersion of the cell wall substance. Luxford [1931] claims to have shown that the presence of extractives increases the compressive strength of wood, but before such a conclusion can be accepted the following point must be considered. In all the woods used by Luxford the extractives increased in amount from the sapwood towards the heartwood, whereas in the material of the present study the extractives decreased in amount in the same direction. Yet in both cases specific gravity and mechanical strength were greater towards the heartwood. It is therefore indicated that, where a measured variable is only one of a highly related group, the properties of which change regularly in passing from sapwood towards heartwood, there is a real danger in assuming cause from the existence of a single apparent relation. The results of the present study tend to weaken Luxford's [1931] conclusions, although this author made subsidiary observations of an increase in strength after the artificial addition of extractives to wood and a decrease on leaching them out. Had these latter observations been as definite as those in the main experiment, they might have made Luxford's conclusions more acceptable.
SUMMARY. 1. Analytical data are given for comparable cross-sectional discs from six English ash trees (Fraxinus excelsior Linn.) taken from the same site.
2. It is shown that in ash wood the percentage amount of Cross and Bevan cellulose increases in passing from the periphery towards the pith. The percentage amounts of lignin and extractives tend to decrease in the same direction while the furfuraldehyde-yielding complexes remain virtually constant in amount throughout a cross-sectional disc of any one tree.
3. The Cross and Bevan cellulose of ash heartwood contains proportionately less furfuraldehyde-yielding material and more hexosans than the corresponding component of sapwood. 4. The commercial defect known as "black-heart" in ash wood is not associated with any irregularities in the proportions of the three major components present in wood in which it occurs, but rather with a change in some minor constituent. 5. A statistical analysis is given of the effect of chemical composition on the compressive strength of ash wood, from which it is concluded that the most important component responsible for variations in crushing strength in pounds per square inch of wood substance is the Cross and Bevan cellulose. In all the material examined, specific gravity, cellulose content and strength increased in a direction from the periphery towards the pith.
